Introduction The eruption of Mount Pinatubo in
Anomalously warm temperatures were also observed in the lower stratosphere during this time [Labitzke and McCormick, 1992; Angell, 1993; Spencer and Christy, 1993] , similar to warmings observed after previous volcanic eruptions. In this paper we present a comprehensive view of the ozone and temperature anomalies observed during the 3 years following this eruption, based on satellite observations. We use column ozone data from the total ozone mapping spectrometer (TOMS) instruments onboard the Nimbus 7 and Meteor 3 satellites, together with solar backscattered ultraviolet Copyright 1995 by the American Geophysical Union.
Paper number 95JD01001.
0148-0227/95/95JD-01001 $05.00 (SBUW2) data from NOAA 11, and find consistent agreement between these independent measurements (although comparisons suggest omitting SBUV/2 data for measurements made at high solar zenith angles). We also compare these satellite data with ground-based Dobson spectrophotometer column ozone measurements and find good agreement; this validates the satellite measurements and gives global perspective to the station observations. We furthermore use the long record of satellite data (back to 1979) to statistically fit and remove variations (of order 2-4%) associated with the stratospheric quasi-biennial oscillation (QBO) and hence further isolate the volcanic associated anomalies. We also analyze ozone profile data from the halogen occultation experiment (HALOE) and microwave limb sounder (MLS) instruments on the upper atmosphere research satellite (UARS) satellite, which was launched in September 1991. Because UARS data are not available prior to Pinatubo, we compare the profile data between the years 1991-1994, using the TOMS and SBUW2 data to select locations and time periods of near normal versus anomalously low column ozone.
The results presented here show local ozone depletions of order 5-10% during 1991-1994, which vary strongly in space and time. Large depletions are found over northern hemisphere (NH) middle-high latitudes during each winter-spring (persisting well into summer), with largest aerial extent and persistence during [1992] [1993] [1995] ) and also show episodic ozone losses in the tropics over 1991-1993. Temperature anomalies show a significant warming of the tropical stratosphere (over approximately 30øN-S) by 0.5-1.5 K (over the 150-to 50-mbar layer sampled by microwave sounding unit (MSU)), which persists for 1 to 2 years following the eruption. We also find significant cooling of the NH polar lower stratosphere during summer 1993, which is notable because "natural" interannual variability is very small in summer. This cooling is likely related to the depleted ozone levels observed over the NH throughout 1993. .,i,..i..,i.,,i...i,,,i,.,i,,,i,,,i...i,,,i,,.i,,,i,,,i data. Our analyses of the SBUW2 profile information did not reveal systematic anomaly structures similar to the column ozone data (the anomalies were more noiselike), but this is not surprising given the low vertical resolution of SBUV/2 (of order 10 km), and the lack of profile information below 25 km [Rodgers, 1990] .
Data and Analyses
There is a strong positive correlation between month-to-month "natural" variations of column ozone and lower stratospheric temperature over high latitudes of both hemispheres [Newman and Randel, 1988 Similar ozone-temperature anomaly correlations are not evident in the NH in Figures 7 and 13b , probably because they are obscured by the large, persistent ozone losses. However, one might use the observed temperature anomalies (Figure 13b) to qualitatively assess the dynamical component of ozone variation in the high latitude NH (i.e., it should be similarly signed to the temperature anomalies). This would suggest that positive "dynamical" ozone anomalies were present during January-March 1992, that is, that the "chemical" anomalies were somewhat larger than those shown in Figure 7 . This reasoning also suggests that part of the large negative ozone anomalies in early winter 1993 are dynamical in origin, although the timescale of the temperature anomalies is so long (> 4 months) that the temperature is likely responding radiatively in spring and summer to the depleted ozone levels. It should be emphasized that these dynamical (short time scale) ozone variations are only qualitatively discussed here; the dynamical, radiative, and chemical processes associated with ozone variability are sufficiently tied together so that linear separation is not possible.
